-

p—

‘was the eight inch sea- -

long range gun
mpunted on- railway
 trucks, for throwing

(Copyright, 1819, by the New York Herald Company—All rights Reserved)
(Copyright, Canada, by the New Yerk Herald Company.)

By FRANK P. STOCKBRIDGE.

Thers 1s no phase of applled sclence In
which German supremacy at the begin-
ning of the war was so defllnite as in the
field of chemistry; there is no fleld In
wkich Germany's defeat has been so com-
plete and so permanent. Prior to 1914 Ger-
many bad for nearly forty years been the
world centre of chemical Industry.

Few Important chemical discoveries
were ever made by German sclentists, but
with the ald of government subsidies huge
industrial enterprises based upon the re-
searches of sclentists of other natlons
were developed, competition by other na-
tions crushed by means of underselling
wnd sharp trade practices and an absolute
monopoly established In scores of chemi-|
wal products which modern civilization had
sccustomed the wnole world to regard as
pecessaries of life.

All the huge tndustrial machinery de-
soted to chemical manufactures In Ger-
many was at the disposal of the German
government. When the war Dbegan not
snly the physical plants but the skill and
resourcefulness of tens of thousands of]
themists, trained for just this emergency
@ the German technical schools and uni-
sepsities were thrown into the scales
sgainst the Allles. In a sense, the greats
pst victory of the war was won when|
American and Allled chemists matched scl-
snce against sclence, not only in the game
of war, but in the Intensive application t2
the arts of peace of the knowledge which
Bermany fatuously belleved she alone pos-
segsed.

German chemical sclence went down to|
fefeat all along the line. In the direct
shock of battle Allled chemistry met Ger-
man chemistry and overwhelmed it;
pehind the lines America ana Great Britaln,
suilt up thelr defenses against the "war
after the war” and established once for all
the Independence of the rest of the world
o chemical industry, There is no other in-
fustrial development due to war pressure
*hat is fraught with such lasting Impor-
tance as the development of new chemical
mdustries In America, and none that so,
ammediately and directly touches the lives
ot everybody.

Accepted German Challenge.

The most spectacular and dramatic chal-
enge by German chemistry was the use of
soison gas as & weapon of war. The wave,
i indignation that swept over the civil-
&ed world at the news that came fro
he battlefield of Ypres, when 5,000 Cana-
Uian soldiers were suffocated by gas in the
wring ot 1915, was hardly exceded by such
‘trocities as the sinking of the Lusitanio
'r the murder of Edith Cavell. The Allics
vere slow to retaliate In kind; respect €or|
be rules of civilized warfare, ot which gas
vas in direct contravention, restrained
hem for more than a year. But when the
wsic law of selt preservation at last com-
telled them to meet the enlarged volume|
nd increasing deadliness of German gas|
3y the use of the same weapon, there
mere no balfway measures taken.

By the summer of 191§ the Allled and
American forces were delivering asgainst
Jie Germans dally five times as great a
solume of polson gas as the Germans wers,
s=ing.

The “stoping power"” and deadliness of)
Me gases used on the Allled side was defi-
aitely greater than the German gases pose
tessed. .

Not only did the Allies anaiyze. maten
tnd improve upon every form of poison
tas the Germans used, but American chem-|

two times the kllling power of the deadilest
German gas!

It is lterally true that had the war gone
on to the spring campalgn, for which
America’s preparations were peing
fccussed, we would have been able, by the
use of this new gas, actualy to smother

the German army by divisions at a time.

Newly designed gas bombs of greater
capacity than anything that had previ-
ously been attempted, with special mor-
tars for burling them into the enemy’s
lines at long range, had been perfected and
were in process of manufacture when the
armistice was signed. When one of these
TOmbs burst there would have remalned
no living thing within a radius of hundreds
of yards a few moments later!

Gas Secret Not Disclosed.

This new and nameless gas, the chemica!
gecret of which Las not yet been disclosed,
but whose deadliness is vouched for DY
army officers ot the Chemical Warfare
Service, was made In Cleveland (n & piant
known to the men who worked in It and
initiated outsiders as “the rat trap.* Sur-
rounded by a high, close meshed barbed
wire fence, guarded at all times Dy sen-
tries with loaded rifies and orighuy fllu-
minated at night, “"the rat trap™ Is as sin-
ister In appearance as its name Indicates.

Men who went Into the “rat trap™ to
work did not come out: nd thance conld
be taken on the leakage of secrets. When
the war ended there were men In the plant
who had not been beyvond the wire fence
for almost & year: most of the workers
had been inside for months. None but men
whose whole caresrs bore the most rimd
scrutiny by the investigators of the Army
Intelligence Service were employed, even
though they had taken the oath of alle-
glance as soldlers, so fearful were the
authorities that some inkling of what
was in store for the Huns would leak out
prematurely, although chemists famillar
with the new gas are a unit in declaring
that by no possible means could the Ger-
mans haye defendsd themselves against|
it. The best gas mask known would be!
as useless as mosquito netting.

Mustard Gas Extremely Fatal,

I have sald that this new gas Is estl-
mated to be seventy-two times as deadly
as “mustard” gas; let ms try to convey an
impression of just how deadly that Is.

Mustard gas, as made In the Edgewood
Arsenal, near Baltimore, where our war
gas production is centred, penetrates the
clothing and shoes of men exposed to it
causing frightful burns. A single drop has
been known to cause a fatal burn. Only
the most perfect ventilating system and
the wearing of masks, rubber gloves and
rubberized protective elothing by those en-
gaged In the dangerous processes of Its
manufacture made it possible to make it at
all. Even with these precautions the cas-
ualties at the Edgewod Arsenal ran an
average of three per cent. a day, and
when the armistice was signed there were
30 men in the camp hospital suffering
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from mustard gas burns, and many others
had been invalided to reconstruction Los-
pitals.

A soldler who had been handiing some
of the Ingredients of mustard gas dbrushed
a mosquito from his ear without first re-
moving his glove; two days later his ear
had literally been burned off,

An officer came out of the laboratoury
into one of the offices, Carelessly he
rested nis glove encased band on the back
of a swivel chair while ne chatted for a
few minutes. The next day the officer who
sat In the chalr felt a burning pain I
the upper part of his back, two days later
he was dead. The mustard gas had burned
into his spinal cord. It takes two poundads
of mustard gas to load a seventy-five milli-
meter shell; at the signing of the armis-

tice we had on hand 419 tons of this stulf—

enough to load 415,00 shells. The charge

of one shell 18 cal®ulated to put out of:

action every one within fifty yards when
it explodes.

Want to Sink Gas at Sea.

Mustard gas is one of the finished prod-
ucts of our war preparations for which
there is no peace time use. The great
plants bullt to produce the chemicals that
enter Into its composition, however, and
the huge supply ot those chemicals, are a
distinet addition to the nation's Industrial
assets. The army chemists want to take the
stock of mustard gas out to sea and sink
it, containers and all. The action ot (he
sea water will neutralize the gas, they say.
Fort authorities at New York have pro-
tested, fearing the gas may rise to the
surface and asphyxiate the metropallis.
More than once while hostilities were under,
way there were many tons of mustard
gas In New York harbor, enough to Kkiil
every person In Manhattan If {t were let
loose with the wind blowing In the right
direction.

The basis of mustard gas. as of the other
war gases, {s chlorine. The gas first used
by the Germans at Ypres, in fact, was sim-
ply chlorine, and nothing else. It has a
commercial use as a bleaching agent and
electrolytic processes for (ts production

from sodium chloride—common salt—were
well known, but there was not enough
being produced annually in the whole
United Statss'when this country entered
the war to supply the army's needs for a
week. So at the Edgewood Arsenal there
was bullt a huge plant for the decomposi-
tion of brine by electricity, and the collec-
tion of the products of decomposition—
chlorine, caustic soda and hydrogen. This
plant, the largest In the world, is sald by
American and foreign chemists who have
{inspected it to be also the most efficient
|and econnmical In operation. its capacity
of 100 tons a day of chiorine will be, it 's
expected, available for commercial pur-
poses under conditions yet to be deter-
mined.

The process of making mustard ges had
te be worked out by scientists after unexs
ploded German gas shells containing this
new polsan had been analyzed by other|
chemists, and the axact nature of the gas
nscertainod. Whether by reison of a bat-
ter process or purer raw materials. A:ner-
fcnn mustard gas is more powerful than
tt» German. Gas masks that provided per-
fect protection for our troops asainst the
most powerful German gas were nat
enough protection against our own, fer
the workers In the Eigewood Arsenal, who
had alwavs to be prepared to respond to
a gas aiarm. So a new gas mask, was
Invented and issued to our troops, as well
as to the gas workers.

Trace Gas Constituents,

To trace back the constituents of mus-
tard gas and the other polson gases to
their sources and describe the new meth-
ods and processes that had to be developed
before we could make a ton of *“dichlor-
diethlysulphide,” which is the technical
name for mustard gas, would make an
interesting book In itself., First there had
to be insured an ample supply of pure sul-
phur, through which the chloride could
be passed to make chloride of sulphur;
then processes devised of producing ethy-
lene, a constituent of coal gns, but which
may also be made by treating sulphuric
acid with pure alcohol. For these and
other war purposes there have been won-

derful Jevelopments in the production of
sulphur and of alcohol, concerning which
1 shall tell some of the interesting phases

in later articles.

Picric acid, the high explosive that forms
the basis of the British Iyddite, the French
melinite and the Japanese shimose, Was
being manufactured in large guantities in
this country for the British before the
United States entered the war. It was
made by treating carbolic acid with a
mixture of sulphuric and nitric acids: we
had to develop a carbolle acid industry
to supply the demand from this and other
sources that had formerly been (illed from
Germany. Then the Division of Chemical
Warfare devised a combination of chlor-
Ine and plcric acld, known as chlor-plerin,
which answered the same purpose in war-
fare as the early German gases, in that
it put men out of action without neces-
sarily killing them unless they were eX-
posed to it for a long time .

There is no particular use in Industry
for the 511 tons of chlor-picrine we had
left on hand when the war ended, but
the pleric acid industry, noy firmly es-
tablished In Amertea. s of great value.
Picric acld was not used as an explosive
untll very recently; as a dyestuff it has
been known for 150 years. It is, In fact,
the very firat of the synthetic chemical
dyes to have become commerclally suc-
cessful. With an ample supply of pleric
acid avallable, the yellow dves for which
the world was formerly dependent upon
Germany can now be made in America:
with the utllization of other products
which the war compelled us to learn to
make, It may & be sald that we are
already Indep pf Germany in the
how far and In

one ig the dytl

ter” article

ness phosgene rank®

and mustard gas: it ¥

the largest quantity
mans, and when the arniigg
the United States had th §
in the world for (ts manuly
1,308,000 pounds of this gas on

. The Superiority of American and Allied Chemists Over-
whelmed Germany — Defeat Complete and Permanent.

name, phosgens, is of Gresk derivation
and gignifies “lght-born™; it ls made by
combining chlortne and carbon monoxide
in sunlight.

At Edgewood Arsenal the chemists,
drawn into the service from the Bureau
om Mines and from all the universities and
chemical ressarch laboratories of America
te work under the direction of Colonel
Willlam H. Walker, who left the ehalr of
chemical engineering at Masachusetts In-
stitute of Technology to take command of
gas production, devised and Installed new
processes for the production of carbon
monoxide and its combination with chlor-
ine to make phosgene, and produced enor-
mous quantities of the latter at & cost of
less than fifteen cents a pound. This fs
less than one-tenth of the former comer-
cial price of phosgene, whiech has long
played an Important part in the dyestutf
industry and used to sell In quantities for
$1.60 a pound.

Etffects Bnormous Saving.

“A value to the United States egual atl
least to the whole cost of the Chemical
Warfare Division for the period of the
war can be credited to the cheap and sim-
ple method of producing phosgens devel
oped at Edgewood Arsenal” sald an offi
cer who Is a chemicai engineer when not
in uniform “The government has dis-
tributed samples of phosgene large enough
to be used commercially to a large number
of industrial concerns, together with com-
plete detailed formulas.
be more helpful! in the establishment on a
permanent basis of the dye industry than
to have this knowledge avallable.”

Phosgene is the basis of & wide variety of
colors. Numberless greens. brilliant scar-
let, yellows, violets and blues are ali made

by means of anilin combinations with:

phosgene In different proportions and
ways., It also has the property of at-
tacking ifron oxide and utterly absorbing
it. Brickwork at the Edgewood Arsenal
has been bleached almost white where
phosgene has come In contact with the Iron
oxide which gives ordinary bricks their
red color. Another extremely important
use of this gas is In destroying the brown-
ish tones of glass. due to the presence of
minute quantities of Iron oxide in the sand
from which the glass was made.
the sucess of American glassmakers in
producing a clear optical glas for phato-
graphic and other lenses, which 1 Jde-
scribed In last week's article, was due to
the use of phosgene for this purpose.

Invented Phosphorous Bombs,

Besides the gases already referred to the
2,000 expert chemists and 10,000 and more
soldlers and speclal employees who took
part in the work of the “offensive” sec-
tion of the Chemical Warfare Division
devised ways for producing on an unpre-
cedented scale such interesting commodi-
t'es as white phosphorus, which burst Into!
flame on the last contact with dampness—
eves ordinary damp air—and gives off an
intense white smoke, used for filling
incendiary and smoke bombs: stannlo tet-
rachloride, the product for which we were
all urged to save tin, & gas that was found

most effective for driving boches out of

ir dugouts, and titanium tetrachloride,
ly lethal. Note the “chlor” syllable in
these gases, indlcating chlorine as
i titelr composition and their deriva-

pm common salt. White phos;\nr.us

ots developed a poison gus having sevenuty«
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is made from bones after they have beem
boiled to extract all the gelatinous mate
ter for glue. We bad 1320000 pounds of
this material on hand when the war
ended, 604000 pounds of stannie chloride
and 306,00 pounds of titanlum tetra-
chloride,

The three last named chemicals were
made in outside laboratories and shipped
to the Edgewood Arsenal to be placetl tn
shells and dbombs for shipment overseaa.
Nothing could be more ingenious or ec~
fective than the !mmense, almost come-
pletely sutomatic plants for fliliag sheils
with these deadiy chemicals There were
no precedents to go by. Everything bad
be desigmed from tha blank paper tefore
construction could be even begun, dut #0
jeffective was the machinery when once
{Installed that pearly 20000 shells, bombse
jand grenades were belng filled every weex
iwhen the war ended. Every precautiva
{that human ingenuity could devise was iv-
stalled to make it possible to do this work
with the least possidble risk to the men
engaged, neverthetess it was =0 Aifficwt
to obdtain civillan pelp that fioaly 1t was
{all, or practically ail done by soldiers dee
tailed for the purpose.

Figures in Production.

Iere are some figures from the confi.

il records of the War Department
1L give perhaps as impressive an idea a8
be obtained of the full scope and ex-
nt of our gas warfare preparations. When
armistice was signed we had on hand,
hed and loaded, or ready for loadiag,
36 seventy-five millimeter gas shells:
gas shells for 4.7 inch guns: 629,510
shells for 155 millimeter guns and nowe
L8534 hand grenades filled with
nic tetrachloride, and besides a mis-
cous supply of other kinds of gas
s nd bombs and gas projectors theve
were ready for use 45349 gas shells for
eight inch seucoast guns, And on this
later item hangs one of the war secrets
that has not been so far disclosed.

It was not until the very end of hostill.
ties that It was learned that a couple ot
fourteen-inch mnavy guns on rallroad
mounts had been used by the American
|forces on the western front. Then it was
announced that the navy’s experiment
with these guns had been so successful
that the army had in readiness or prepara-
tion & considerable number of large caliber
guns mounted on raflroad trucks for use
in the spring campaign. But not until now
has it been published that these eight-inch
seacoast guns were to be used to hurl
the Iargest gas shells ever made twelve
of fiftean miles if need be, and the charge
of the new ‘mystery gac" each shell would
carry would literally wipe out an entire
reciment of Germans

Sees Huge Gun in Action.

d saw one of these guns at the Aberdeen
proving grounds, adjoinin® the Edgewood
Arsenal, recently. Originally designed for
coast defence, they are of high power and
long range. Mounted on railway trucks
they can be moved quickly from point to
point behind the lines, and the mounting
is s0 designed that the gun is ready to
fire within five minutes after arriving
at the designated spot. It does not take
a very vivid imagination to picture the
havoe that balf a dozen well placed shots
from one of these weapons, charged with
the most deadly gas yet devised. would
have worked on the German morala

General Gouraud, the famous one armed
French commander, sald to the American
newspaper correspondents the other day
that brutal and savage as this war has
been the next war would be even more
brutal and savage It will begin where
this one left off—but it would be difficult
to imagine a more potent discourager of
war than the knowledge that the enemy
possesses such WeApOns &8s Kas resources
which the United States now has, If in
addition to the enormously valaable coan-
tributions to peaceful iIndustry which 1
have indicated, America’s preparations for
chemical warfare prove a deterrent of
future wara they will have easily been
worth all they have cost us,
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